J Korean Neurosurg Soc 48 : [66][67][68][69] 2010 The management of lower cervical fractures in patients with ankylosing spondylitis (AS) differs from normal cervical fractures. Patients with AS are highly susceptible to extensive neurologic injuries and spinal deformities after cervical fractures from even minor traumatic forces. These injuries are uniquely complex, require careful imaging assessment, and aggressive surgical management to optimize spinal stability and functional outcomes.
INTRODUCTION
Ankylosing spondylitis (AS) is a progressive, systemic inflammatory arthritic condition with a genetic disposition involving the HLA-B27 antigen in the majority of cases 1) . AS mainly affects the sacroiliac joints and spine. Spine involvement in AS is characterized by ossification of the ligaments, intervertebral discs, endplates, and apophyseal structures 8) . Thus, AS transforms the flexible spinal column into a stiff rod 17) .
The rigid spinal segment presents a long lever arm which is unable to accommodate various forces and is susceptible to injury in comparison to a normal spine 15) . AS is also associated with vertebral osteoporosis, which weakens the spine and contributes to the risk of injury 5) . Because of the brittle nature of the spine in patients with AS, the development of a fracture can occur with minor trauma or even unknown trauma [10] [11] [12] [13] 18, 19) . These injuries often result in neurologic deficits that necessitate early diagnosis and treatment. Diagnosis can be difficult due to pre-existing spinal alterations. The con-ventional radiographs are inadequate to fully evaluate fractures due to osteoporosis and the position of the shoulders.
The aim of this report was to present the surgical experience of lower cervical fractures occurring in patients with AS and to highlight the difficulties that exist with respect to the diagnosis and surgical management.
CASE REPORT
A 53-year-old male with an unknown history of AS slipped and fell in a construction field striking his head and neck. Immediately after the accident he experienced posterior neck pain. The patient was first brought to a local clinic. No fractures or dislocation of the spine was detected on the conventional plain radiographs of the cervical, thoracic, and lumbar spine, although the typical radiographic features of AS were apparent.
Two days later, however, there was aggravation of the neck pain with quadriparesis below C6. The patient was transferred to our hospital with his neck fixed by a rigid cervical collar. In our emergency room, a neurologic examination was performed. Based on the standard classification of spinal cord injuries developed by the American Spinal Injury Association (ASIA) 4) , the strength of the key muscles of the upper limbs ranged from grade 2-3, and the strength of the key muscles of the lower limbs ranged from grade 0-1. The patient did not experience a deterioration of muscle strength during the hospital transfer. Hypoesthesia to pin pricking was noted below the C6 dermatome.
The conventional plain radiographs were carefully reviewed. The cervical spine radiographs revealed a displaced fracture with an obvious gap in the anterior column at C6-7 ( Fig.  1 ). An emergent high resolution 3-dimensional (3D) CT scan and MRI confirmed the displaced fracture with anterior subluxation at the superior portion of the C7 vertebrae; the fracture line extended to the posterior element between C6 and 7 (Fig. 2 ). This injury resulted in narrowing of the spinal canal by the C6 lamina, C7 body, and posterior epidural hematoma with compression of the spinal cord ( Fig. 2B ).
As the neurologic deficits were slowly progressive, emergency surgical decompression of the spinal cord with internal fixation of the fracture was considered to be necessary to prevent further deterioration. He was treated surgically using combined anterior and posterior approaches of the cervical spine. The anterior approach was used for reduction of the displaced fracture with an anterior cervical interbody fusion by autologous iliac bone with plating at C6-7. The posterior approach was used for posterior stabilization and spinal cord decompression through complete C6 and C7 laminectomies. The posterior stabilization was achieved using lateral mass fixation between C4 and C6, and pedicle screw fixation at T1 and T2. Anatomic reduction and three-columned rigid fixation was achieved. Intra-operatively, posterior autologous iliac bone grafting was performed ( Fig. 3 ).
Because the combined anterior and posterior internal fixation had achieved immediate three-column stability in the operation, a post-operative halo-vest was placed with a rigid cervicothoracic brace for external immobilization. The muscle strength of key muscles of the upper limbs rapidly recovered to grade 4-5 by post-operative week 1. The lower limbs recovered to grade 2-3. Allodynia of the hands and hypoesthesia of the trunk had almost disappeared. He was transferred to the rehabilitation department on the 7th postoperative day, with an improvement in neurologic deficits to ASIA grade D.
DISCUSSION
Greater than 50% of patients with AS will suffer from moderate-to-severe spinal restriction in the late stage of the disease, and they are usually complicated by vertebral osteo- porosis because of prolonged immobilization 2) . In long-standing disease, ossification of the ligaments and joints of the involved spine occurs and leads to universal spinal syndesmophytosis. Spinal fractures are 3.5 times more common in AS patients than in the normal population 6) . Even in the face of minor external stress, the rigid and brittle fused spine is easily broken because of altered biomechanics, which leads to the spine behaving much like an osteoporotic long bone rather than an elastic spine 5, 17) . The lower cervical spine is especially prone to such injuries because the protecting muscle is weak and the supporting paravertebral soft tissues are ossified 6, 14, 16) . Fractures tend to occur at the level of the intervertebral disc as a result of incomplete ossification of the nucleus pulposus, often allowing displacement 11) . Therefore, relatively minor accidents, such as a simple fall from standing, can lead to cervical fractures 12, 13) . The lower cervical spine is the most commonly affected site in the patient with AS.
A fracture in AS always extends across all anterior and posterior elements. It most frequently occurs through the level of an ossified intervertebral disc, and is extremely unstable 11, 14, 18) . Fractures of the cervical spine in AS patients are accompanied by a high incidence of severe neurologic deficits and mortality 12, 13) . Murray and Persellin 10) reported a 57% rate of severe neurologic deficits (quadriplegia and paraplegia), and a 35% mortality rate associated with vertebral fractures in AS patients (3 and 2 times more frequently than the normal population, respectively). The prognosis of severe neurologic deficits (quadriplegia or paraplegia) associated with vertebral fractures in AS patients is generally poor. Thus, early diagnosis and treatment of lower cervical spine fractures is very important in AS patients.
However, an early diagnosis of lower cervical spine fractures in patients with AS is often difficult to make. Because the lower cervical region is obscured by a rigid elevation of the shoulders, it is difficult to see on conventional plain radiographs 7, 14) . Furthermore, osteoporotic changes make visualization of fractures more difficult, particularly in the presence of thin fracture lines. The latter, without any primary dislocation, can be missed in plain films 9) . The radiologic imaging of lower cervical spine fractures in patients with AS demands special attention since these injuries are frequently missed and the diagnosis is delayed 3, 5, 14) . Despite a high clinical suspicion, if conventional plain radiographs do not reveal any evidence of a spinal fracture, the use of high resolution 3D CT scan of the entire spinal column with sagittal reconstructed views, as in the current case, is clearly advantageous because of the increased sensitivity in documenting the fracture 20) .
The definitive treatment of cervical spine fractures in AS patients remains controversial with various treatment modal-ities and various outcomes reported in the literature. AS is a systemic disease in which multiple organs are involved and great risks exist in surgery. In the past, patients with AS suffering from cervical fractures were treated conservatively, consisting of skull traction, a halo-vest, or head and chest casts. Skull traction cannot satisfactorily reduce or stabilize the cervical spine due to the stiff spine and the irreducible surrounding soft tissues. Neurologic deterioration has been reported as a result of distraction at the fracture site while applying traction 12, 13) . Simple external fixation cannot eliminate the movement between the fracture sites, leading to pseudoarthroses 6.13) . Therefore, surgical treatment is an effective way to stabilize the vulnerable spine because it can offer direct decompression, and avoid complications caused by long-time traction and external fixation. Solid internal fusion cannot be achieved by simple anterior or posterior surgery. The failure rate of anterior internal fixation is 50% because anterior implants are unable to resist or absorb the tension from the posterior spinal column in three-column spinal injuries 5) .
Although simple posterior instrumented fusion is successful in some cases, single posterior fusion was prone to fail because there was too much stress on the posterior internal fixation without the anterior support 18) . For these reasons, the combined anterior and posterior approach should be a suitable method of stabilization in severely unstable injuries, particularly with a gap in the anterior column. Technically, posterior fixation must be performed with lateral mass screws from C3-6 and pedicle screws from C7-T2 in conjunction with plates or rods, including at least two segments above and below the fracture 18) . Because the cervical and upper thoracic spine is ankylosed, no motion is lost from multilevel fixation, whereas biomechanical resistance and therefore fracture healing is promoted. This type of approach should prevent delayed neurologic deficits, reduce the incidence of non-union, and allow early rehabilitation without external immobilization, restriction of respiratory excursion, and hence reduce the risk of pulmonary complications.
CONCLUSION
Clinicians must be cautious in assessing patients with AS following any degrees of trauma despite the presence of initial negative imaging methods, not even neurologic deficits. The high resolution 3D CT scans may be helpful in demonstrating occult fractures patients with AS. The operative treatment of these injuries is useful and effective for these patients. Both anterior and posterior stabilization offer better support.
